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(57) ABSTRACT

One illustrative method disclosed herein includes forming a
plurality of initial fins in a substrate, wherein at least one of
the initial fins is a to-be-removed fin, forming a material
adjacent the initial fins, forming a fin removal masking layer
above the plurality of initial fins, removing a desired portion
of the at least one to-be-removed fin by: (a) performing a
recess etching process on the material to remove a portion, but
not all, of the material positioned adjacent the sidewalls of the
at least one to-be-removed fin, (b) after performing the recess
etching process, performing a fin recess etching process to
remove a portion, but not all, of the at least one to be removed
fin and (¢) repeating steps (a) and (b) until the desired amount
of the at least one to-be-removed fin is removed.

20 Claims, 20 Drawing Sheets
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METHODS OF FORMING FINS FOR FINFET
SEMICONDUCTOR DEVICES AND
SELECTIVELY REMOVING SOME OF THE
FINS BY PERFORMING A CYCLICAL FIN
CUTTING PROCESS

BACKGROUND OF THE INVENTION

1. Field of the Invention

Generally, the present disclosure relates to the manufactur-
ing of semiconductor devices, and, more specifically, to vari-
ous methods of forming fins for FinFET semiconductor
devices and selectively removing some of the fins by perform-
ing a cyclical fin cutting process.

2. Description of the Related Art

In modern integrated circuits, such as microprocessors,
storage devices and the like, a very large number of circuit
elements, especially transistors, are provided and operated on
a restricted chip area. Immense progress has been made over
recent decades with respect to increased performance and
reduced feature sizes of circuit elements, such as transistors.
However, the ongoing demand for enhanced functionality of
electronic devices forces semiconductor manufacturers to
steadily reduce the dimensions of the circuit elements and to
increase the operating speed of the circuit elements. The
continuing scaling of feature sizes, however, involves great
efforts in redesigning process techniques and developing new
process strategies and tools so as to comply with new design
rules. Generally, in complex circuitry including complex
logic portions, MOS technology is presently a preferred
manufacturing technique in view of device performance and/
or power consumption and/or cost efficiency. In integrated
circuits including logic portions fabricated by MOS technol-
ogy, field effect transistors (FETs) are provided that are typi-
cally operated in a switched mode, that is, these devices
exhibit a highly conductive state (on-state) and a high imped-
ance state (off-state). The state of the field effect transistor is
controlled by a gate electrode, which controls, upon applica-
tion of an appropriate control voltage, the conductivity of a
channel region formed between a drain region and a source
region.

To improve the operating speed of FETs, and to increase
the density of FETs on an integrated circuit device, device
designers have greatly reduced the physical size of FETs over
the years. More specifically, the channel length of FETs has
been significantly decreased, which has resulted in improving
the switching speed of FETs. However, decreasing the chan-
nel length of'a FET also decreases the distance between the
source region and the drain region. In some cases, this
decrease in the separation between the source and the drain
makes it difficult to efficiently inhibit the electrical potential
of the source region and the channel from being adversely
affected by the electrical potential of the drain. This is some-
times referred to as a so-called short channel effect, wherein
the characteristic of the FET as an active switch is degraded.

In contrast to a FET, which has a planar structure, a so-
called FinFET device has a three-dimensional (3D) structure.
FIG. 1A is a perspective view of an illustrative prior art
FinFET semiconductor device “A” that is formed above a
semiconductor substrate B that will be referenced so as to
explain, at a very high level, some basic features of a FinFET
device. In this example, the FinFET device A includes three
illustrative fins C, a gate structure D, sidewall spacers E and a
gate cap layer F. Trenches T are formed in the substrate B to
define the fins C. The gate structure D is typically comprised
of a layer of gate insulating material (not separately shown),
e.g., a layer of high-k insulating material (k-value of 10 or
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greater) or silicon dioxide, and one or more conductive mate-
rial layers (e.g., metal and/or polysilicon) that serve as the
gate electrode for the device A. The fins C have a three-
dimensional configuration: a height H, a width W and an axial
length L. The axial length L. corresponds to the direction of
current travel in the device A when it is operational. The
portions of the fins C covered by the gate structure D are the
channel regions of the FinFET device A. In a conventional
process flow, the portions of the fins C that are positioned
outside of the spacers E, i.e., in the source/drain regions of the
device A, may be increased in size or even merged together (a
situation not shown in FIG. 1A) by performing one or more
epitaxial growth processes. The process of increasing the size
of or merging the fins C in the source/drain regions of the
device A is performed to reduce the resistance of source/drain
regions and/or make it easier to establish electrical contact to
the source/drain regions. Even if an epi “merger” process is
not performed, an epi growth process will typically be per-
formed on the fins C to increase their physical size.

In the FinFET device, the gate structure D may enclose
both the sides and the upper surface of all or a portion of the
fins C to form a tri-gate structure so as to use a channel having
a three-dimensional structure instead of a planar structure. In
some cases, an insulating cap layer (not shown), e.g., silicon
nitride, is positioned at the top of the fins C and the FinFET
device only has a dual-gate structure (sidewalls only). Unlike
a planar FET, in a FinFET device, a channel is formed per-
pendicular to a surface of the semiconducting substrate so as
to reduce the physical size of the semiconductor device. Also,
in a FinFET, the junction capacitance at the drain region of the
device is greatly reduced, which tends to significantly reduce
short channel effects. When an appropriate voltage is applied
to the gate electrode of a FinFET device, the surfaces (and the
inner portion near the surface) of the fins C, i.e., the vertically
oriented sidewalls and the top upper surface of the fin, form a
surface inversion layer or a volume inversion layer that con-
tributes to current conduction. In a FinFET device, the “chan-
nel-width” is estimated to be about two times (2x) the vertical
fin-height plus the width of the top surface of the fin, i.e., the
fin width. Multiple fins can be formed in the same foot-print
as that of a planar transistor device. Accordingly, for a given
plot space (or foot-print), FinFETs tend to be able to generate
significantly higher drive current density than planar transis-
tor devices. Additionally, the leakage current of FinFET
devices after the device is turned “OFF” is significantly
reduced as compared to the leakage current of planar FETs,
due to the superior gate electrostatic control of the “fin”
channel on FinFET devices. In short, the 3D structure of a
FinFET device is a superior MOSFET structure as compared
to that of a planar FET, especially in the 20 nm CMOS
technology node and beyond. The gate structures D for such
FinFET devices may be manufactured using so-called “gate-
first” or “replacement gate” (gate-last) manufacturing tech-
niques.

Both FET and FinFET semiconductor devices have an
isolation structure, e.g., a shallow trench isolation structure
that is formed in the semiconducting substrate around the
device so as to electrically isolate the semiconductor device.
Traditionally, isolation structures were always the first struc-
ture that was formed when manufacturing semiconductor
devices. The isolation structures were formed by etching the
trenches for the isolation structures and thereafter filling the
trenches with the desired insulating material, e.g., silicon
dioxide. After the isolation structures were formed, various
process operations were performed to manufacture the semi-
conductor device. In the case of a FinFET device, this
involved masking the previously formed isolation structure
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and etching the trenches in the substrate that defined the fins.
As FinFET devices have been scaled to meet ever increasing
performance and size requirements, the width W of'the fins C
has become very small, e.g., 6-12 nm, and the fin pitch has
also been significantly decreased, e.g., the fin pitch may be on
the order of about 30-60 nm.

However, as the dimensions of the fins became smaller,
problems arose with manufacturing the isolation structures
before the fins were formed. As one example, trying to accu-
rately define very small fins in regions that were separated by
relatively large isolation regions was difficult due to the non-
uniform spacing between various structures on the substrate.
One manufacturing technique that is employed in manufac-
turing FinFET devices is to initially form the trenches T in the
substrate B to define multiple “fins” that extend across the
substrate, and thereafter remove some of the fins C where
larger isolation structures will be formed. Using this type of
manufacturing approach, better accuracy and repeatability
may be achieved in forming the fins C to very small dimen-
sions due to the more uniform environment in which the
etching process that forms the trenches T is performed.

After the trenches T have been formed, some of the fins C
must be removed to create room for or define the spaces where
isolation regions will ultimately be formed. There are two
commonly employed techniques for accomplishing the goal
of removing the desired number of fins C. One such removal
process is typically referred to as “Fins-cut-First,” as will be
described with reference to FIGS. 1B-1F. Accordingly, FIG.
1B depicts the device 10 after a patterned hard mask layer 14,
e.g., apatterned layer of silicon nitride, was formed above the
substrate 12 in accordance with the desired fin pattern and
pitch. In the depicted example, only a single fin will be
removed, i.e., the fin 15 corresponding to the feature 14A, to
make room for the isolation region. However, as will be
recognized by those skilled in the art, depending upon the
desired final size of the isolation region, more than one fin
may be removed.

FIG. 1C depicts the device 10 after a patterned masking
layer 16, e.g., a patterned layer of photoresist, has been
formed above the patterned hard mask layer 14. The patterned
masking layer 16 has an opening that exposes the feature 14A
for removal.

FIG. 1D depicts the device 10 after an etching process has
been performed through the patterned masking layer 16 so as
to remove the exposed feature 14 A of the patterned hard mask
layer 14.

FIG. 1E depicts the device 10 after the patterned masking
layer 16 was removed and after an anisotropic etching process
was performed through the patterned hard mask layer 14
(without the feature 14A) so as to define full-depth trenches
17 in the substrate 12 that define the fins 15. Due to the
removal of the feature 14 A, this etching process removes the
portions of the substrate 12 that would have otherwise formed
a fin 15 in the area under the feature 14A. One problem with
the “fin-cut-first” approach is that it inevitably causes differ-
ent fin sizes, i.e., the dimensions 15X and 15Y are different.
This is especially true between fins 15 inside an array of fins
and the fins at the edge of the active region that is close to the
isolation region. This occurs due to etch loading effects
wherein there are different etch rates and etch profiles due to
differing patterning densities, pitch, etc.

FIG. 1F depicts the device 10 after several process opera-
tions were performed. First, a layer of insulating material 18,
such as silicon dioxide, was formed so as to overfill the
trenches 17. A chemical mechanical polishing (CMP) process
was then performed to planarize the upper surface of the
insulating material 18 with the top of the patterned hard mask
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14. Thereafter, an etch-back process was performed to recess
the layer of insulating material 18 between the fins 15 and
thereby expose the upper portions of the fins 15, which cor-
responds to the final fin height of the fins 15. At this point in
the process, the patterned hard mask 14 may or may not be
thereafter removed. Next, the gate structure of the device 10
may be formed using either gate-first or gate-last manufac-
turing techniques.

Another fin removal process is typically referred to as
“Fins-cut-Last,” as will be described with reference to FIGS.
1G-1L. FIG. 1G depicts the device 10 after the patterned hard
mask layer 14 was formed above the substrate 12 in accor-
dance with the desired fin pattern and pitch. As before, in the
depicted example, only a single fin will be removed, i.e., the
fin 15 corresponding to the feature 14 A, to make room for the
isolation region. However, as will be recognized by those
skilled in the art, depending upon the desired final size of the
isolation region, more than one fin may be removed.

FIG. 1H depicts the device 10 after an anisotropic etching
process was performed through the patterned hard mask layer
14 so as to define full-depth trenches 17 in the substrate 12
that define the fins 15. Note that, in the Fins-cut-Last
approach, the size of the fins is very uniform up near the top
of'the initial fins 15, i.e., the dimension 15A is approximately
equal to the dimension 15B. This is primarily due to the fact
that, in this approach, fins 15 are formed everywhere on the
wafer and there is no undesirable etch loading effects.

FIGS. 1I-1K depict the device 10 after several process
operations were performed. First, a layer of insulating mate-
rial 19, such as silicon dioxide, was formed so as to overfill the
trenches 17. Then a CMP process was performed to planarize
the upper surface of the layer of insulating material 19 with
the patterned hard mask layer 14. Next, a patterned masking
layer 22, e.g., a patterned layer of photoresist, was formed
above the layer of insulating material 19. The patterned hard
mask layer 22 has an opening 22A positioned above the
portion of the underlying fin that is to be removed. FIG. 1] is
aplan view of the patterned masking layer 22 with a generally
rectangular-shaped opening 22A positioned above the por-
tion of the underlying fin that is to be removed.

FIG. 1K depicts the device 10 after one or more anisotropic
etching processes were performed to remove the exposed
portions of the layer of insulating material 19, the exposed
portions of the hard mask layer 14, i.e., the feature 14A, and
the underlying fin 15. This results in the formation of a trench
24 in the layer of insulating material 19. Typically, as shown
in the plan view in FIG. 1] the trench 24 will take the form of
a rectangle that corresponds approximately to the opening
22A inthe patterned hard mask layer 22. Inevitably, there will
be some inward tapering of the sidewalls of the trench 24.
Although not depicted in the drawings, after the trench 24 is
formed, the patterned masking layer 22 will be removed and
additional oxide material (not shown) will be formed through
the opening 22A in the trench 24 where the fin 15 was
removed. Then a chemical mechanical polishing (CMP) pro-
cess will be performed to planarize the upper surface of all of
the insulating materials with the top of the patterned hard
mask 14. Thereafter, the isolation regions between devices
will be masked and an etch-back process will be performed to
recess the layer of insulating material 19 between the fins 15
for each device and thereby expose the upper portions of the
fins 15, which corresponds to the final fin height of the fins 15.

One problem with the fins-cut-last approach is that if the
critical dimension (CD) 24X of'the opening 22A of the trench
24 is relatively large, then there is less margin for misalign-
ment error when removing the unwanted fin, i.e., there is less
margin for error so as to avoid damaging the adjacent fins
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when the trench 24 is etched. With reference to FIG. 1L, if the
CD 24X of the opening 22A is kept small, there will typically
be some residual portion 15X of the fin 15 remaining at the
bottom of the trench 24. If the size of the opening 22A is
increased in an effort to insure complete removal of the
unwanted residual fin materials 15X at the bottom of the
trench 24, then there is amuch greater likelihood of damaging
the fins adjacent the trench 24 when it is etched. These issues
only get worse as the depth of the trench 24 increases and as
packing densities increase.

Some of the aforementioned problems could potentially be
remedied by performing a selective isotropic etching process
to limit or eliminate the residual fin material 15X relative to
the surrounding insulating material 19. In one sense, remov-
ing the unwanted residual fin material 15X by performing
such an isotropic etching process would be beneficial as com-
pared to removing the fins by performing an anisotropic etch-
ing process because, due to the selective and isotropic nature
of the process, there would be less chance of damaging adja-
cent fins (if the CD 24X is too large) and less chance of
leaving the undesirable residual fin material 15X at or near the
bottom of the trench 24 (if the CD 24X is too small). However,
with referenced to FIG. 1], performing such an isotropic
etching process may cause unwanted loss of the remaining
portions of the fin 15 positioned below the edges of the
rectangular opening 22A (when viewed from above) in the
patterned masking layer 22. That is, due to the nature of an
isotropic etching process, there may be some undesirable loss
of'the fin material in the directions indicated by the arrows 21
in FIG. 1J.

The present disclosure is directed to various methods of
forming fins for FinFET semiconductor devices and selec-
tively removing some of the fins by performing a cyclical fin
cutting process that may solve or reduce one or more of the
problems identified above.

SUMMARY OF THE INVENTION

The following presents a simplified summary of the inven-
tion in order to provide a basic understanding of some aspects
of'the invention. This summary is not an exhaustive overview
of the invention. It is not intended to identify key or critical
elements of the invention or to delineate the scope of the
invention. Its sole purpose is to present some concepts in a
simplified form as a prelude to the more detailed description
that is discussed later.

Generally, the present disclosure is directed to various
methods of forming fins for FinFET semiconductor devices
and selectively removing some of the fins by performing a
cyclical fin cutting process. One illustrative method disclosed
herein includes, among other things, forming a plurality of
trenches in a semiconductor substrate to thereby define a
plurality of initial fins in the substrate, the initial fins having
sidewalls, wherein at least one of the initial fins is a to-be-
removed fin, forming a material (e.g., liner layer or a layer of
insulating material) adjacent at least the sidewalls of the ini-
tial fins and within the trenches, forming a fin removal mask-
ing layer above the plurality of initial fins, the fin removal
masking layer having an opening positioned above the at least
one to-be-removed fin and at least a portion of the material
that was formed adjacent the at least one to-be-removed fin,
removing a desired portion of the at least one to-be-removed
fin by, (a) performing a recess etching process on the material
that was formed adjacent the at least one to-be-removed fin to
remove a portion, but not all, of the material that was formed
adjacent the at least one to-be-removed fin, (b) after perform-
ing the recess etching process, performing a fin recess etching
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process to remove a portion, but not all, of the at least one
to-be-removed fin, and (c) repeating steps (a) and (b) until the
desired amount of the at least one to-be-removed fin is
removed and forming an insulating material in an area that
includes an area formerly occupied by the at least one to-be-
removed fin.

In another embodiment, a method disclosed herein
includes forming a plurality of trenches in a semiconductor
substrate to thereby define a plurality of initial fins in the
substrate, wherein at least one of the initial fins is a to-be-
removed fin, forming a liner layer adjacent at least the side-
walls of the initial fins, forming a layer of insulating material
adjacent the liner layer and within the trenches, forming a fin
removal masking layer above the plurality of initial fins, the
fin removal masking layer having an opening positioned
above the at least one to-be-removed fin and the liner layer
positioned adjacent the at least one to-be-removed fin, remov-
ing a desired portion of the at least one to-be-removed fin by:
(a) performing a liner recess etching process on the liner layer
to remove a portion, but not all, of the liner layer positioned
adjacent the sidewalls of the at least one to-be-removed fin,
(b) after performing the liner recess etching process, perform-
ing a fin recess etching process to remove a portion, but not
all, of the at least one to be removed fin, and (c) repeating
steps (a) and (b) until the desired amount of the at least one
to-be-removed fin is removed and forming an insulating
material in an area that includes an area formerly occupied by
the at least one to-be-removed fin.

Another illustrative method includes, among other things,
forming a trench patterning hard mask layer above a surface
of a semiconductor substrate, performing at least one first
etching process through the trench patterning hard mask layer
to define a plurality of trenches in a semiconductor substrate
to thereby define a plurality of initial fins in the substrate,
wherein at least one of the initial fins is a to-be-removed fin,
forming a layer of insulating material within the trenches,
forming a patterned fin removal masking layer above the
plurality of initial fins and the layer of insulating material, the
patterned fin removal masking layer having an opening posi-
tioned above the at least one to-be-removed fin, wherein a
portion of the trench patterning hard mask layer is positioned
above the at least one to-be-removed fin and below the open-
ing in the patterned fin removal masking layer, performing at
least one second etching process through the opening in the
patterned fin removal masking layer to remove at least the
underlying portion of the trench patterning hard mask layer,
after performing said at least one second etching process,
performing a third etching process through the opening in the
patterned fin removal masking layer to define a fin opening in
the layer of insulating material that exposes substantially all
of a vertical height of the at least one to-be-removed fin,
performing a fourth etching process through the opening in
the patterned fin removal masking layer and the fin opening in
the layer of insulating material until the desired amount of the
at least one to-be-removed fin is removed and forming an
insulating material in an area that includes an area formerly
occupied by the at least one to-be-removed fin.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be understood by reference to the
following description taken in conjunction with the accom-
panying drawings, in which like reference numerals identify
like elements, and in which:

FIG. 1A is a perspective view of one illustrative embodi-
ment of a prior art FinFET device;
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FIGS. 1B-1L depictillustrative prior art methods of remov-
ing selected fin structures when forming FinFET semicon-
ductor devices;

FIGS. 2A-2N depict various illustrative methods disclosed
herein for forming fins for FinFET semiconductor devices
and selectively removing some of the fins by performing a
cyclical fin cutting process; and

FIGS. 3A-3N depict other illustrative methods disclosed
herein for forming fins for FinFET semiconductor devices
and selectively removing some of the fins by performing a
unique process flow and a cyclical etching process sequence.

While the subject matter disclosed herein is susceptible to
various modifications and alternative forms, specific embodi-
ments thereof have been shown by way of example in the
drawings and are herein described in detail. It should be
understood, however, that the description herein of specific
embodiments is not intended to limit the invention to the
particular forms disclosed, but on the contrary, the intention is
to cover all modifications, equivalents, and alternatives fall-
ing within the spirit and scope of the invention as defined by
the appended claims.

DETAILED DESCRIPTION

Various illustrative embodiments of the invention are
described below. In the interest of clarity, not all features of an
actual implementation are described in this specification. It
will of course be appreciated that in the development of any
such actual embodiment, numerous implementation-specific
decisions must be made to achieve the developers’ specific
goals, such as compliance with system-related and business-
related constraints, which will vary from one implementation
to another. Moreover, it will be appreciated that such a devel-
opment effort might be complex and time-consuming, but
would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure.

The present subject matter will now be described with
reference to the attached figures. Various structures, systems
and devices are schematically depicted in the drawings for
purposes of explanation only and so as to not obscure the
present disclosure with details that are well known to those
skilled in the art. Nevertheless, the attached drawings are
included to describe and explain illustrative examples of the
present disclosure. The words and phrases used herein should
be understood and interpreted to have a meaning consistent
with the understanding of those words and phrases by those
skilled in the relevant art. No special definition of a term or
phrase, i.e., a definition that is different from the ordinary and
customary meaning as understood by those skilled in the art,
is intended to be implied by consistent usage of the term or
phrase herein. To the extent that a term or phrase is intended
to have a special meaning, i.e., a meaning other than that
understood by skilled artisans, such a special definition will
be expressly set forth in the specification in a definitional
manner that directly and unequivocally provides the special
definition for the term or phrase.

The present disclosure is directed to various methods of
forming fins for FinFET semiconductor devices and selec-
tively removing some of the fins by performing a cyclical fin
cutting process. As will be readily apparent to those skilled in
the art upon a complete reading of the present application, the
methods disclosed herein may be employed in manufacturing
a variety of different devices, including, but not limited to,
logic devices, memory devices, etc. With reference to the
attached figures, various illustrative embodiments of the
methods and devices disclosed herein will now be described
in more detail.
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FIGS. 2A-2N depict one illustrative embodiment of a
method disclosed herein of forming fins on a FinFET semi-
conductor device 100 that is formed on a bulk semiconduct-
ing substrate 102. FIG. 2A is a simplified view of an illustra-
tive FinFET semiconductor device 100 at an early stage of
manufacturing. As will be recognized by those skilled in the
art after a complete reading of the present application, the
illustrative FinFET device 100 described herein may be either
an N-type FinFET device or a P-type FinFET device. In this
illustrative embodiment, the substrate 102 has a bulk semi-
conducting material configuration. The substrate 102 may be
made of silicon or it may be made of materials other than
silicon. Thus, the terms “substrate” or “semiconducting sub-
strate” should be understood to cover all forms of all semi-
conductor materials.

FIG. 2A depicts the device 100 after a trench patterning
masking layer 104, e.g., a trench patterning hard mask layer,
has been formed above the substrate 102 that corresponds to
the desired pattern of fins to be formed in the substrate 102.
The trench patterning masking layer 104 is intended to be
representative in nature as it may be comprised of a variety of
materials, such as, for example, a photoresist material, silicon
nitride, silicon oxynitride, etc. Moreover, the trench pattern-
ing masking layer 104 may be comprised of multiple layers of
material, such as, for example, a silicon nitride layer and a
layer of silicon dioxide. The trench patterning masking layer
104 may be formed by depositing the layer(s) of material that
comprise the trench patterning masking layer 104 and there-
after directly patterning the masking layer 104 using known
photolithography and etching techniques. Alternatively, the
trench patterning masking layer 104 may be formed by using
known sidewall image transfer techniques. Thus, the particu-
lar form and composition of the trench patterning masking
layer 104 and the manner in which it is made should not be
considered a limitation of the present invention. In the case
where the trench patterning masking layer 104 is comprised
of one or more hard mask layers, such layers may be formed
by performing a variety of known processing techniques,
such as a chemical vapor deposition (CVD) process, an
atomic layer deposition (ALD) process, an epitaxial deposi-
tion process (EPI), or plasma enhanced versions of such pro-
cesses, and the thickness of such a layer(s) may vary depend-
ing upon the particular application.

FIG. 2B depicts the device 100 after a first etching process
106 was performed through the trench patterning masking
layer 104 to define a plurality of trenches 106X in the sub-
strate 102. The trenches 106X define a plurality of initial fins
107 having a fin height 107H. Due to the fact that the fins 107
are formed across the substrate, there is little or no undesir-
able variation in the width (CD) of the initial fins 107 since
there is no adverse etch loading effects, as discussed in the
background section of this application. The magnitude of the
fin height 107H may vary depending upon the particular
device under construction, e.g., 100-200 nm. In the depicted
example herein, the middle fin 107R of the plurality of initial
fins 107 is a to-be-removed fin that will be removed using the
process flow disclosed below. Of course, as will be appreci-
ated by those skilled in the art after a complete reading of the
present application, any desired number of fins can be
removed using the methods disclosed herein.

In the illustrative example depicted in the attached figures,
the trenches 106X and the initial fins 107 are all of a uniform
size and shape. However, such uniformity in the size and
shape of the trenches 106X and the initial fins 107 is not
required to practice at least some aspects of the inventions
disclosed herein. In the example depicted herein, the trenches
106X are depicted as having been formed by performing a



US 9,147,730 B2

9

plurality of anisotropic etching processes. In some cases, the
trenches 106X may have a reentrant profile near the bottom of
the trenches 106X. To the extent the trenches 106X are
formed by performing a wet etching process, the trenches
106X may tend to have a more rounded configuration or
non-linear configuration as compared to the generally linear
configuration of the trenches 106X that are formed by per-
forming an anisotropic etching process. In other cases, the
trenches 106X may be formed in such a manner that the initial
fins 107 have a tapered cross-sectional configuration (wider at
the bottom than at the top at this point in the process flow).
Thus, the size and configuration of the trenches 106X, and the
manner in which they are made, should not be considered a
limitation of the present invention.

FIG. 2C depicts the device 100 after a liner layer 109 was
formed adjacent the sidewalls of fins 107 and above the trench
patterning hard mask 104. In some embodiments, prior to
forming the liner layer 109, a thin layer of silicon dioxide (not
shown) may be formed on the sidewalls of the fins 107. The
liner layer 109 may be comprised of a variety of different
materials, it may be formed to any desired thickness and it
may be formed using any of a variety of process operations. In
one illustrative embodiment, the liner layer 109 may be com-
prised of a material that exhibits good etch selectivity relative
to the material of the fins 107. For example, in one illustrative
embodiment, the liner layer 109 may be comprised of silicon
nitride, it may be formed to a thickness of about 3-6 nm, and
it may be formed by performing a conformal ALD or CVD
process.

FIG. 2D depicts the device 100 after several process opera-
tions were performed. First, alayer of insulating material 110,
such as silicon dioxide, was formed so as to overfill the
trenches 106X. A chemical mechanical polishing (CMP) pro-
cess was then performed to planarize the upper surface of the
insulating material 110 with the top of the liner layer 109, i.e.,
to define a common planarized surface.

FIG. 2E depicts the device 100 after a patterned fin removal
(fin-cut) hard mask layer 112 was formed above the device
100. The patterned fin removal hard mask layer 112 has an
opening 112A that is positioned above the to-be-removed
fin—the fin 107R. The patterned fin removal hard mask layer
112 may be formed by depositing a layer of appropriate
material, e.g., silicon dioxide, and it may be patterned by
forming a patterned layer of photoresist material (not shown)
and by performing a traditional etching process. The pat-
terned fin removal hard mask layer 112 may be formed to any
desired thickness.

FIG. 2F depicts the device after one or more timed, first
liner layer etching processes was performed through the
opening 112A in the patterned fin removal hard mask layer
112 to remove underlying portions, but not all, of the liner
layer 109 and the underlying portion of the trench patterning
hard mask 104 selectively relative to the layer of insulating
material 110 and the to-be-removed fin 107R. This process
operation exposes an upper surface 107U of the to-be-re-
moved fin 107R, and recesses the liner layer 109 such that the
liner layer 109 exposed under the opening 112A has a first
recessed upper surface 109R1 that is positioned below the
upper surface 107U of the fin 107R by a distance of, for
example, 1-5 nm. This recessing exposes a portion, but not all,
of the vertical sidewalls of the to-be-removed fin 107R.

FIG. 2G depicts the device 100 after one or more timed,
second fin etching processes were performed through the
opening 112A in the patterned fin removal hard mask layer
112 to remove portions of the to-be-removed fin 107R selec-
tively relative to the layer of insulating material 110 and the
liner layer 109. This process operation consumes some, but
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not all, of the to-be-removed fin 107R. This second fin etching
process removes a portion of the to-be-removed fin 107R
such that it has a first recessed upper surface 107R1 that is
positioned below the first recessed upper surface 109R1 of the
liner layer 109 by a distance of, for example, 10-20 nm.

As will be described more fully below, the cyclical etching
sequence described above, i.e., the first liner etch process and
second fin etching process, are repeated until the desired
amount or all of the to-be-removed fin 107R is removed. The
amount of the fin 107R removed during each fin etching
process may vary depending upon the particular application.
In one illustrative example, approximately 10-30 nm (height)
of the vertical height of the to-be-removed fin 107R may be
removed in each of the above-described second etching pro-
cesses. Thus, in the example where the fins 107 have an initial
height 107H of about 100 nm, 3-4 of the fin etching processes
described above may be performed to remove the desired
amount ofthe to-be-removed fin 107R. Of course, the number
of cycles performed may vary depending upon the particular
application

FIG. 2H-21 depict the device 100 after another of the dual-
etch etching process discussed above has been performed on
the device. More specifically, FIG. 2H depicts the device 100
after another liner layer etching process was performed to
remove additional portions, but not all, of the liner layer 109
selectively relative to the layer of insulating material 110 and
the to-be-removed fin 107R. The etching process performed
in FIG. 2H further recesses the liner layer 109 such that the
liner layer 109 has a second recessed upper surface 109R2
that is positioned below the first recessed upper surface
107R1 of the to-be-removed fin 107R. FIG. 2I depicts the
device 100 after another of the fin etching processes was
performed to remove additional portions of the to-be-re-
moved fin 107R selectively relative to the layer of insulating
material 110 and the liner layer 109. This process operation
removes an additional amount, but not all, of the remaining
portion of the fin 107R. This additional fin etching process
removes a portion of the to-be-removed fin 107R such that it
has a second recessed upper surface 107R2 that is positioned
below the second recessed upper surface 109R2 of the liner
layer 109.

FIGS. 2J-2K depict the device 100 after another of the
dual-etch etching process discussed above has been per-
formed on the device. More specifically, FIG. 2J depicts the
device 100 after another liner layer etching process (the third
in the depicted example) was performed to remove additional
portions of the liner layer 109 selectively relative to the layer
of insulating material 110 and the to-be-removed fin 107R.
This third liner etching process further recesses the liner layer
109 such that the liner layer 109 has a third recessed upper
surface 109R3 that is positioned below the second recessed
upper surface 107R2 of the fin 107R. FIG. 2K depicts the
device 100 after another of the fin etching processes was
performed to remove additional portions of the to-be-re-
moved fin 107R selectively relative to the layer of insulating
material 110 and the liner layer 109. This process operation
removes an additional amount, but not all, of the remaining
portion of the to-be-removed fin 107R. This additional fin
etching process removes a portion of the fin 107R such that it
has a third recessed upper surface 107R3 that is positioned
below the third recessed upper surface 109R3 of the liner
layer 109.

FIG. 2L depicts the device 100 after the desired number of
the liner etch and fin etch process cycles have been performed
such the to-be-removed fin 107R has been removed and has a
final removed upper surface 107F and the liner layer 109 was
recessed to its final recessed upper surface 109F. In the
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depicted example, the final surface 107F of the removed fin is
depicted as being positioned above the bottom of the trench
106X. Of course, if desired the processing sequences dis-
closed herein may be performed such that the recessed sur-
face 107F is positioned at a level that is below the level of the
bottom of the trenches 106X.

FIG. 2M depicts the device 100 after several process opera-
tions were performed. First, alayer of insulating material 114,
such as silicon dioxide, was formed so as to overfill the
opening left by removal of the fin 107R. A chemical mechani-
cal polishing (CMP) process was then performed to planarize
the upper surface of the insulating material 114 with the top of
the liner layer 109.

FIG. 2N depicts the device 100 after several additional
process operations were performed. First, an etch-back pro-
cess was performed to recess the layers of insulating material
110, 114 to the desired level between the remaining fins 107
and thereby expose a desired amount 107Y of the initial fins
107, which corresponds to the final fin height for the fins of
the device 100. Then, another recess etching process was
performed to remove the remaining portions of the trench
patterning hard mask 104 and portions of the liner layer 109.
At the point of fabrication depicted in FIG. 2N, traditional
manufacturing operations may be performed to complete the
formation of the product 100. For example, a gate structure
(not shown) of the device 100 may be formed using either
gate-first or gate-last manufacturing techniques, various
source/drain and gate contact structures may be formed on the
device, various metallization layers may be formed above the
product 100 using known processing techniques, etc.

FIGS. 3A-3N depict other illustrative methods disclosed
herein for forming fins for FinFET semiconductor devices
and selectively removing some of the fins by performing a
unique process flow and a cyclical etching process sequence.
FIG. 3A depicts the device 100 at the point in processing that
corresponds to that depicted in FIG. 2B, i.e., after the trenches
106X were formed in the substrate to define the initial fins
107.

FIG. 3B depicts the device 100 after several process opera-
tions were performed. First, the above-described layer of
insulating material 110, such as silicon dioxide, was formed
so as to overfill the trenches 106X. A chemical mechanical
polishing (CMP) process was then performed to planarize the
upper surface ofthe insulating material 110 with the top of the
trench patterning hard mask layer 104.

FIG. 3C depicts the device 100 after a fin removal hard
mask layer 120, e.g., silicon nitride, was formed above the
device 100 and a patterned layer of photoresist material 122
was formed above the device using traditional photolithogra-
phy tools and techniques. The fin removal hard mask layer
120 may be formed to any desired thickness.

FIG. 3D depicts the device 100 after one or more etching
processes were performed through the patterned photoresist
layer 122 so as to pattern the fin removal hard mask layer 120
and remove portions of the trench patterning hard mask layer
104 and the layer of insulating material 110 underlying the
opening 120A in the patterned fin removal hard mask layer
120. This process operation exposes an upper surface 107U of
the to-be-removed fin 107R.

FIG. 3E depicts the device 100 after the patterned layer of
photoresist material 122 was removed and after an anisotro-
pic etching process was performed through the opening 120A
in the patterned fin removal hard mask layer 120 on the layer
of'insulating material 110 to define an opening 110X that may
expose a substantial portion of the overall height and side-
walls of the to-be-removed fin 107R.
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FIG. 3F depicts the device 100 after an anisotropic etching
process was performed through the patterned fin removal
hard mask layer 120 to remove the desired amount, and in
some cases substantially all, of the to-be-removed fin 107R
selectively relative to the layer of insulating material 110. In
the depicted example, a sufficient amount of the fin 107R is
removed such that the surface 107S is positioned at a level
that is below the level of the bottom of the trenches 106X.

FIG. 3G depicts the device 100 after several process opera-
tions were performed. First, the above-described layer of
insulating material 114, such as silicon dioxide, was formed
so as to overfill the opening left by removal of the fin 107R.
Then, one or more CMP processes were performed to remove
the patterned fin removal hard mask layer 120 and to pla-
narize the upper surface of the insulating materials 110, 114
with the top of the trench patterning hard mask 104.

FIG. 3H depicts the device 100 after several additional
process operations were performed. First, an etch-back pro-
cess was performed to recess the layers of insulating material
110, 114 to the desired level between the remaining fins 107
and thereby expose a desired amount 107Y of the fins 107,
which corresponds to the final fin height for the fins of the
device 100. Then, another etching process was performed to
remove the remaining portions of the trench patterning hard
mask 104. At the point of fabrication depicted in FIG. 3H,
traditional manufacturing operations may be performed to
complete the formation of the product 100. For example, a
gate structure (not shown) of the device 100 may be formed
using either gate-first or gate-last manufacturing techniques,
various source/drain and gate contact structures may be
formed on the device, various metallization layers may be
formed above the product 100 using known processing tech-
niques, etc.

The manner in which the fin 107R may be removed using
the cyclical etching process described above will now be
described with reference to FIGS. 3I-3N. As with the previ-
ously described example of using the cyclical etching
sequence described above, in this embodiment, a first etch
process will be performed to recess the materials positioned
adjacent the fin 107R, which in this example is the insulation
material 110, and, thereafter, the above-described second fin
etching process, are repeated until the desired amount or all of
the to-be-removed fin 107R is removed.

Starting with the structure depicted in FIG. 3D, FIG. 31
depicts the device 100 after several process operations were
performed. First, the patterned photoresist mask 122 was
removed. Then, one or more timed, first etching processes
were performed through the opening 120A in the patterned
fin removal hard mask layer 120 to remove underlying por-
tions, but not all, of the layer of insulating material 110
selectively relative to the to-be-removed fin 107R. This pro-
cess operation exposes the layer of insulating material 110
such that the layer of insulating material 110 exposed under
the opening 120A has a first recessed upper surface 110R1
that is positioned below the upper surface 107U of the fin
107R by a distance of, for example, 5-15 nm. This recessing
exposes a portion, but not all, of the vertical sidewalls of the
to-be-removed fin 107R.

FIG. 3] depicts the device 100 after one or more timed,
second fin etching processes were performed through the
opening 120A in the patterned fin removal hard mask layer
120 to remove portions of the to-be-removed fin 107R selec-
tively relative to the layer of insulating material 110. This
process operation consumes some, but not all, of the to-be-
removed fin 107R. This second fin etching process removes a
portion of the to-be-removed fin 107R such that it has a first
recessed upper surface 107R1 that is positioned below the
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first recessed upper surface 110R1 of the layer of insulating
material 110 by a distance of, for example, 1-10 nm.

As will be described more fully below, the cyclical etching
sequence described above, i.e., the first etch process (to
remove some of the layer of insulating material 110) and the
second fin etching process (to remove portions of the fin
107R), are repeated until the desired amount or all of the
to-be-removed fin 107R is removed. As with the case above,
the amount of the fin 107R removed during each fin etching
process may vary depending upon the particular application.

FIGS. 3K-3L depict the device 100 after another of the
dual-etch etching processes discussed above has been per-
formed on the device. More specifically, FIG. 3K depicts the
device 100 after another first etching process was performed
to remove additional portions, but not all, of the layer of
insulating material 110 selectively relative to the to-be-re-
moved fin 107R. The first etching process performed in FIG.
3K further recesses the layer of insulating material 110 such
that the layer of insulating material 110 has a second recessed
upper surface 110R2 that is positioned below the first
recessed upper surface 107R1 of the to-be-removed fin 107R.
FIG. 3L depicts the device 100 after another of the fin etching
processes was performed to remove additional portions of the
to-be-removed fin 107R selectively relative to the layer of
insulating material 110. This process operation removes an
additional amount, but not all, of the remaining portion of the
fin 107R. This additional fin etching process removes a por-
tion of the to-be-removed fin 107R such that it has a second
recessed upper surface 107R2 that is positioned below the
second recessed upper surface 110R2 of the layer of insulat-
ing material 110.

FIG. 3M depicts the device 100 after the desired number of
the first and second etching process cycles have been per-
formed such that the to-be-removed fin 107R has been
removed and has a final removed upper surface 107F and the
layer of insulating material 110 was recessed to its final
recessed upper surface 110F. In the depicted example, the
final surface 107F of the removed fin is depicted as being
positioned above the bottom of the trench 106X. Of course, if
desired the processing sequences disclosed herein may be
performed such that the recessed surface 107F is positioned at
a level that is below the level of the bottom of the trenches
106X.

FIG. 3N depicts the device 100 after the above-described
CMP and recess etching processes were performed to expose
a desired amount 107Y of the initial fins 107, which corre-
sponds to the final fin height for the fins of the device 100. At
the point of fabrication depicted in FIG. 3N, traditional manu-
facturing operations may be performed to complete the for-
mation of the product 100. For example, a gate structure (not
shown) of the device 100 may be formed using either gate-
first or gate-last manufacturing techniques, various source/
drain and gate contact structures may be formed on the
device, various metallization layers may be formed above the
product 100 using known processing techniques, etc.

As will be appreciated by those skilled in the art after a
complete reading of the present application, the cyclical fin
removal process provides several advantages relative to the
prior art fin removal techniques discussed in the background
section of this application. First, by removing relatively small
portions of the vertical height of the fin 107R during each of
the second etching processes, the etch shadowing effect
(wherein the undesirable residual fin material 15X is formed
(see FIG. 1L), may be reduced or eliminated when perform-
ing the anisotropic fin etching processes. Additionally, using
the methods disclosed herein, the fin 107R may be removed
by performing anisotropic etching processes, thereby avoid-

10

20

25

30

35

40

45

50

55

60

65

14

ing the problems associated with performing an isotropic
etching process to insure complete removal of the fin 207R,
namely the undercutting of the desired fins in the direction
indicated by the arrows 21 shown in FIG. 1J.

The particular embodiments disclosed above are illustra-
tive only, as the invention may be modified and practiced in
different but equivalent manners apparent to those skilled in
the art having the benefit of the teachings herein. For example,
the process steps set forth above may be performed in a
different order. Furthermore, no limitations are intended to
the details of construction or design herein shown, other than
as described in the claims below. It is therefore evident that
the particular embodiments disclosed above may be altered or
modified and all such variations are considered within the
scope and spirit of the invention. Note that the use of terms,
such as “first,” “second,” “third” or “fourth” to describe vari-
ous processes or structures in this specification and in the
attached claims is only used as a shorthand reference to such
steps/structures and does not necessarily imply that such
steps/structures are performed/formed in that ordered
sequence. Of course, depending upon the exact claim lan-
guage, an ordered sequence of such processes may or may not
be required. Accordingly, the protection sought herein is as
set forth in the claims below.

What is claimed is:

1. A method, comprising:

forming a plurality of trenches in a semiconductor sub-

strate to thereby define a plurality of initial fins in said

substrate, said initial fins having sidewalls, wherein at
least one of said initial fins is a to-be-removed fin;

forming a material adjacent at least said sidewalls of said
initial fins and within said trenches;

forming a fin removal masking layer above said plurality of

initial fins, said fin removal masking layer having an

opening positioned above said at least one to-be-re-
moved fin and at least a portion of said material that was
formed adjacent said at least one to-be-removed fin;

removing a desired portion of said at least one to-be-re-
moved fin by:

a) performing a recess etching process on said material
that was formed adjacent said at least one to-be-re-
moved fin to remove a portion, but not all, of said
material that was formed adjacent said at least one
to-be-removed fin;

b) after performing said recess etching process, per-
forming a fin recess etching process to remove a por-
tion, but not all, of said at least one to-be-removed fin;
and

c) repeating steps (a) and (b) until the desired amount of
said at least one to-be-removed fin is removed; and

forming an insulating material in an area that includes an

area formerly occupied by said at least one to-be-re-
moved fin.

2. The method of claim 1, wherein said material that was
formed adjacent said at least one to-be-removed fin is one of
a liner layer or a layer of insulating material that was blanket
deposited within said trenches.

3. The method of claim 1, wherein forming said material
adjacent at least said sidewalls of said initial fins and within
said trenches comprises performing a conformal deposition
process to deposit a liner layer adjacent said sidewalls of said
initial fins and above a bottom of said trenches.

4. The method of claim 1, wherein each of said etching
processes set forth in step (b) consumes between 10-30 nm of
a vertical height of said at least one to-be-removed fin.

5. The method of claim 1, wherein, after performing step
(a), an upper surface of the recessed material that was formed
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adjacent said at least one to-be-removed fin is positioned at a
level that is below a level of an upper surface of said at least
one to-be-removed fin.

6. The method of claim 1, wherein steps (a) and (b) are
repeated at least three times.

7. A method, comprising:

forming a plurality of trenches in a semiconductor sub-

strate to thereby define a plurality of initial fins in said

substrate, said initial fins having sidewalls, wherein at
least one of said initial fins is a to-be-removed fin;

forming a liner layer adjacent at least said sidewalls of said
initial fins;

forming a layer of insulating material adjacent said liner

layer and within said trenches;

forming a fin removal masking layer above said plurality of

initial fins, said fin removal masking layer having an

opening positioned above said at least one to-be-re-
moved fin and said liner layer positioned adjacent said at
least one to-be-removed fin;

removing a desired portion of said at least one to-be-re-

moved fin by:

(a) performing a liner recess etching process on said
liner layer to remove a portion, but not all, of said liner
layer positioned adjacent said sidewalls of said at least
one to-be-removed fin;

(b) after performing said liner recess etching process,
performing a fin recess etching process to remove a
portion, but not all, of said at least one to-be-removed
fin; and

(c) repeating steps (a) and (b) until the desired amount of
said at least one to-be-removed fin is removed; and

forming an insulating material in an area that includes an

area formerly occupied by said at least one to-be-re-
moved fin.

8. The method of claim 7, further comprising performing at
least one additional recess etching process to recess said layer
of'insulating material and to recess said liner layer such that a
desired final fin height of the remaining plurality of initial fins
are exposed above the recessed layer of insulating material
and the recessed liner layer.

9. The method of claim 7, wherein forming said liner layer
adjacent said sidewalls of said initial fins comprises perform-
ing a conformal deposition process to deposit said liner layer
adjacent said sidewalls of said initial fins and above a bottom
of said trenches.

10. The method of claim 7, wherein said liner layer is
comprised of silicon nitride.

11. The method of claim 7, wherein each of said etching
processes set forth in step (b) consumes between 10-30 nm of
a vertical height of said at least one to-be-removed fin.

12. The method of claim 7, wherein, after performing step
(a), an upper surface of said recessed liner layer is positioned
at a level that is below a level of an upper surface of said at
least one to-be-removed fin.

13. The method of claim 7, wherein the etching steps
performed in step (b) are anisotropic etching processes.

14. A method, comprising:

forming a trench patterning hard mask layer above a sur-

face of a semiconductor substrate;
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performing an etching process through said trench pattern-

ing hard mask layer to define a plurality of trenches in a

semiconductor substrate to thereby define a plurality of

initial fins in said substrate, said initial fins having side-
walls, wherein at least one of said initial fins is a to-be-
removed fin;

forming a liner layer adjacent at least said sidewalls of said

initial fins and above said trench patterning hard mask

layer;

forming a layer of insulating material on said liner layer

and within said trenches;

forming a fin removal masking layer above said plurality of

initial fins, said fin removal masking layer having an
opening positioned above said at least one to-be-re-
moved fin, said liner layer positioned adjacent said at
least one to-be-removed fin and a portion of said trench
patterning hard mask layer positioned above said at least
one to-be-removed fin;

removing a desired portion of said at least one to-be-re-

moved fin by:

a) performing a liner recess etching process on said liner
layer to remove the portion of said trench patterning
hard mask layer and a portion, but not all, of said liner
layer positioned adjacent said sidewalls of said at least
one to-be-removed fin;

b) after performing said liner recess etching process,
performing a fin recess etching process to remove a
portion, but not all, of said at least one to-be-removed
fin; and

c) repeating steps (a) and (b) until the desired amount of
said at least one to-be-removed fin is removed; and

forming an insulating material in an area that includes an

area formerly occupied by said at least one to-be-re-
moved fin.

15. The method of claim 14, further comprising perform-
ing at least one additional recess etching process to recess said
layer of insulating material and to recess said liner layer such
that a desired final fin height of the remaining plurality of
initial fins are exposed above said recessed layer of insulating
material and said recessed liner layer.

16. The method of claim 14, wherein forming said liner
layer adjacent said sidewalls of said initial fins comprises
performing a conformal deposition process to deposit said
liner layer adjacent said sidewalls of said initial fins and above
a bottom of said trenches.

17. The method of claim 14, wherein said liner layer is
comprised of silicon nitride and said trench patterning hard
mask layer is comprised of silicon nitride.

18. The method of claim 14, wherein each of said etching
processes set forth in step (b) consumes between 10-30 nm of
a vertical height of said at least one to-be-removed fin.

19. The method of claim 14, wherein, after performing step
(a), an upper surface of said recessed liner layer is positioned
at a level that is below a level of an upper surface of said at
least one to-be-removed fin.

20. The method of claim 14, wherein the etching steps
performed in steps (a) and (b) are anisotropic etching pro-
cesses.



